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Recent cri t icisms [Epstein and Feldman, 1967; Takakura and 
I t  2 

Uchida, 19681 of the synchrotron emission power formula P = 2eT H 

y'/3m02 c3 [Westfold, 19591 have largely been countered i n  the elegant 

analysis by Scheuer [ 19681 ; however, Scheuer 's analysis and h i s  

conclusion that the or iginal  r e su l t  stands a re  not rigorously t rue  

when bulk motion occurs. The departures from the  c lass ica l  r e su l t  

t o  be discussed here will be significant only f o r  nonstationary 

sources (and especially for resolved nonstationesy sources). 

resu l t s  have actual ly  been i n  the l i t e r a t u r e  for  some time [Robertson, 

1938; Rees, 19661 and apply no matter what the emission mechanism; 

it i s  precisely because Scheuer's conclusion seems t o  disagree wi th  

analyses such as those of Robertson and Rees that  comment i s  called 

for.  

I 

The 

Briefly, I s h a l l  argue tha t  the  surest  method fo r  obtaining 

the  proper radiation r a t e  for an ensemble of r e l a t i v i s t i c  

par t ic les  i n  bulk (mean) motion, i s  t o  calculate the power emitted 

i n  the  center of momentum system, and then t o  transform t o  the  

laboratory system. The case of emission tha t  i s  isotropic i n  the 

r e s t  frame w a s  t reated by Roberston C19381 and clear ly  leads t o  a 

brightening (increased power) when the  object approaches the 

observer. Epstein and Feldman [19671 treated the  case of a cer ta in  
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anisotropic emitter (one electron) and found a brightening by a 

factor ( s in  

velocity (taken t o  be approaching) and the l i n e  of sight.  

Scheuer asser t s  that  the apparent luminosity of any synchrotron- 

radiating source may be found by multiplying (power per electron, 

according t o  the conventional formula) by (mean number of electrons 

i n  the  source with appropriate pi tch angle t o  radiate t o w d  the 

observer). 

but I sha l l  adduce two examples for  which it fails. The f i r s t  

example i s  that of an isotropic dis t r ibut ion of electrons i n  a 

tangled magnetic f i e ld ,  t he  whole i n  motion. 

isotropical ly  i n  i t s  r e s t  frame, so RoSertson's [1938] l a w  of 

luminosities may be applied. According t o  t h i s  l a w ,  one f inds  the 

red-shift z of the object by the l a w  [Jackson, 19621 

where CY i s  the  angle between the  guiding center 

Now 

This ru le  i s  valid for  steady sources tha t  do not move, 

This object emits 

-b 

where cj3 i s  t h e  center-of-mass velocity of the object, directed at  

the angle 8 t o  the l i n e  of sight, 8 = 0 corresponding t o  approach. 

Then i f  L 

observed luminosity is 

i s  the  luminosity i n  the r e s t  frame of the object, the  
0 

4 
L '  = Lo/ ( l  + 2 )  . 
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This formula may be interpreted as follows: 

are  due t o  the r e l a t i v i s t i c  transformation [Landau and Lifshitz,  19623 

two powers of (1 + z )  

of plane-wave Fourier components emitted by the object (Hubble's 

[1936] "energy effect"  and "number effect .")  The remaining two 

powers of (1 + z )  &re due t o  the  aberration of the emitted Waves, 

which become peaked i n  the foreward direction. Since r e l a t i v i s t i c  

electrons emit i n  the foreward direction, proper a t tent ion t o  the  

transformation of the electron dis t r ibut ion t o  the frame of the 

observer will disclose a change by the  factor  ( 1 + z ) - ~  i n  the 

number with appropriate pitch angle t o  rad ia te  toward the observer, 

a s  compared with the number tha t  would be so oriented i f  the source 

had no mean motion. 

would f ind  a luminosity change L' = Lo/(l + z ) ~ ,  which i s  incorrect. 

(In a l l  t h i s  discussion, z may be negative, leading t o  brightening.) 

Hubble's "energy effect"  and "number effect"  a re  omitted. 

Substituting in Scheuer's ru l e  (above), one 

The second example i s  Woltjer ' s  [ 19661 model fo r  a quasi- 

s t e l l a r  source, a l s o  c i ted  by Scheuer. 

state, Scheuer ' s statement i s  valid,  t ha t  the  c lass ica l  radiation 

l a w  m a y  be applied i n  the manner he suggests. Consider, however, i f  

(as must happen i n  a quasi-stellar source) there  i s  sudden inject ion 

If the  object i s  i n  steaQ 

- 

of an additional supply of electrons. In Woltjer's model, the 

electrons all stream out from the center nearly radially,  along the 

magnetic l ines  of force. I assume, without loss of generality, 
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t ha t  the sudden injection occurs near the center, and tha t  the  injected 

electrons stream outward r e l a t iv i s t i ca l ly .  

close t o  a l i n e  of sight passing through the center. 

consider that  when they reach a distance R from the center, they have 

l o s t  most of t h e i r  energy; 

Q,SO (at l e a s t  the continuum-emitting part of it.) 

radlated may be found by multiplying the classical ,  invariant 

radiation r a t e  by the  actuaJ t r a n s i t  time R/(c cos y), where 

ct i s  the  mean pi tch angle (M 0) of the electrons. 

i n  the foreshortened t h e  [Epstein and Feldman, 19673 R sin2 ;/ 
( c  cos E ) .  

factor  (s in  C Y )  

correspondingly reduced. In steady s ta te ,  the reduction of observed 

electron l i fe t ime exactly compensates the increase i n  luminosity, 

validating Scheuer's rule. But i n  non-steady objects, there can be 

observable effects .  Similarly, i n  an object t h a t  can be resolved, 

such as the  ~ 8 7  j e t ,  r e l a t i v i s t i c  motions could produce not only 

brightening and dimming, but apparent motions f a s t e r  than the speed 

of l i gh t ,  i n  t he  manner described by Rees [1%6]. 

We see only those very 

Let us 

R i s  then more or l e s s  the  radius of the 

The t o t a l  energy 

- 
But t h i s  i s  seen 

Thus, the observed luminosity i s  increased by the  
- -2 and the  time during which the increase i s  seen i s  

In passing, I should l i ke  t o  point out a feature of Woltjer's 

model tha t  he seems t o  have passed over (although he d id  discuss t h e  

time-foreshortening mentioned here. ) 

electrons near a l i n e  of sight through the  center of the object, i t s  

Since we see only those 
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apparent s ize  i s  reduced markedly. For example, a typ ica l  angle 

of 15" o r  20" between the magnetic f i e l d  and t h e  emitted photons, 

as suggested by Woltjer, leads t o  an observed diameter l e s s  than 

the  physical diameter by a factor 3 or  4. 

t ha t  the  time-foreshortening allows l inear  s izes  larger  by an 

order of magnitude or two than the ones usually required by 

fluctuation observations, t h i s  factor  of 3 o r  4 may be relevant i n  

Since Woltjer suggests 

avoiding conflict  with angular s izes  se t  by interferometer o r  

s c in t i l l a t i on  measurements. 

When the termination of emission by an electron i s  due t o  

passage out of the region of strong magnetic f ie ld ,  the resu l t s  a re  

the same; Scheuer's rule may be applied to  steady sources tha t  a r e  

not moving, but caseful a t tent ion must be paid t o  the  transformation 

of angles and t h e  scales i n  non-steady or  moving sources. Here, 

moving sources are  not taken t o  include those which have only the 

Hubble recession. This recession has a quite different e f fec t  on 

luminosity [Robertson, 19381. 

moving sources there i s  no simple rule.  

argument i s  useful where there i s  smooth streaming of a non-steady 

sor t ,  but does not seem usef'ul fo r  the case of electrons i n  a 

disordered, moving magnetic f ie ld .  

by Robertson's method i f  it radiated isotropically,  but i f  the  

disorder i s  insuff ic ient  t o  allow tha t  assumption, the best  method 

- 

In conclusion, f o r  non-steady or 

Epstein and Feldman's 

The l a t t e r  case can be t reated 
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would probably be t o  analyze the  system i n  i t s  r e s t  frame and then 

transform t o  the laboratory frame. 
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